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The path of most pioneers is a hard and thorny one and the path of these early bacteriologists was one of difficulty and constant danger. Every obstacle was placed in their way by colleagues who had neither the sense nor the intellect to see that a new world was being opened up by these despised workers in the realm of the unseen. They were derided and scorned for holding their opinions but they kept on and finally unfolded a world of previously unseen fantastic microscopic creatures whose existence had never before been dreamed of. Perhaps the only thing in their favour was the fact that there were no Home Office regulations with regard to animal experimentation.
To-day it is quite reputable to be a man with a scientific outlook but go back a few hundred years to a time when Servetus was burned to death for daring to cut up and examine the body of a dead man and when Galileo was imprisoned for life for daring to prove that the earth moved round the sun.
The history of bacteriology is indissolubly linked with the discovery of the microscope and it is interesting to record that the compound microscope was invented before the single instrument. The credit must probably be given to the brothers Janssens possibly as early as 1590. The principal objects studied by this instrument were small animals and to this early period belongs the discovery of the "'itch acarus".
Almost since the dawn of time there have been references to contagious diseases but it was Fracastorius, who was born in 1478, who first put what knowledge there was at the time on a surer foundation. He drew attention to the fact that all contagions do not behave alike, that some attack one organ and others a different organ. He stated that contagion presented three different types, viz. contagion by contact alone; contagion by fomites; and contagion at a distance. After his death his work was soon forgotten only to be rediscovered in the eighteenth and nineteenth centuries. How often in the course of history have men of great intellect postulated certain theories, how quickly they were forgotten only to be rediscovered in later years and proved correct.
It is said that the German Kircher, born in 1602, was the first man to suggest the possibility of a world of microscopic creatures though as far as I know he never discovered any. The real discoverer of an invisible world of living microscopic creatures was Antony van Leeuwenhoek born at Delft in Holland in 1632. Destined, it is said by some, to be a draper, he yet became the first and perhaps the most completely accurate of all microbe hunters. He realized that in order to study the denizens of the unseen world he must be able to enlarge them so that they could become visible to the naked eye. In his painstaking way he ground biconvex lenses to less than one-eighth inch across and mounted them in tubes of copper, silver, and gold, to construct his "single" microscopes. He probably obtained magnifications of200-300 diameters by this means. His extraordinarily accurate descriptions of the shape and internal structure of his "little animals" suggests that in some way he must have used some form of "dark ground" illumination. He described not only bacteria but also protozoa; he carried out the first recorded work on the physiology of the bacteria, such as the effect of heat, acids, and tobacco, and he was also the first man to prepare nutrient media for his "little animals", such as infusions of-pepper. The foundation of that process known as pasteurization was probably laid down by him.
Leeuwenhoek's observations on the "materia alba" from around his teeth were most accurate and illuminating so he deserves the title of first "dental bacteriologist". He did not believe in the doctrine of "spontaneous generation" though the credit of disproving this theory is ascribed to Redi and Spallanzani. In spite of Leeuwenhoek's wonderful powers of observation I doubt if it ever occurred to him that his "little animals" could be the agents of disease in man. On his death in 1723 it might have been thought that the further study of the "little animals" would come to an end but time always brings forth the man and in 1729 Spallanzani was born in Italy and became our second great microbe hunter. Paul de Kruif states that Spallanzani was not so interested in what things looked like but rather he wanted to know how they worked. He did not believe in Needham's theory of a "vegetative force"-that life could arise spontaneously from dead material. He insisted that all living things must have parents and by his numerous experiments be proved conclusively that Needham was wrong and that even Leeuwenhoek's "little animals" must have forebears. He also proved that they could live without air and that multiplication was by fission.
Between 1713 and 1799, the date of Spallanzani's death, a number of men appeared on the scene, all with an inquisitiveness as to a possible connexion between germs and disease. Fauchard, born in 1678, gave the coup de grace to the worm theory of dental caries, about which I shall speak later. Bassi, born in 1773, demonstrated the parasitic nature of the muscardine disease of silkworms and may be regarded as the founder of the doctrine of pathogenic microbes. Cagniard-Latour, born in 1777, described the budding of the yeast cell and stated that it was probably vegetable in origin. Bretonneau, born in 1771, differentiated and named diphtheria and gave the first accurate account of the pathology and specificity of enteric fever. Schwann, born in 1810, was one of the founders of the cell doctrine and proved that the vital activity of the yeast plant was the cause of alcoholic fermentation, and though this view was ridiculed by von Liebig, it was completely confirmed by Pasteur some twenty years later. Amongst all these past investigators thq*fe does not appear the name of an Englishman until the birth of Tyndall in 1820. He became intere ted in the study of atmospheric germs and he anticipated Pasteur in calling attention to the strdggle for existence between the various forms of life. He noticed the antibiotic properties of the penicillium mould in particular.
In an extract (No. 2) on "Essays on the Floating Matter of the Air" which was published in the Philosophical Transactions in January 1876 he showed clearly the antibiotic properties of the penicillium mould on bacteria and he recognized three different strains of the mould distinguished by their cultural characteristics. As is also well known he was the discoverer of the process termed "fractional distillation".
The second and greatest English investigator was Lister. He was born in 1827, five years after the birth of Pasteur. He revolutionized surgery by his antiseptic treatment of wounds and only abandoned the carbolic spray after Tyndall's experiments on the floating matter in the air in relation to putrefactive infection had appeared in 1881, when it was definitely established that the suppuration of wounds was caused by germs on the skin of the patient and the hands and clothes of the operator.
Not only was Lister a great surgeon but what is not so commonly known is that he was a great bacteriologist. He was the first man to obtain, by means of an ingenious syringe technique, a pure culture of a bacterium-the Bacterium lactis-in his investigations into the curdling of milk. He was also a pioneer in immunology; he decided that blood must possess some peculiar property of destroying germs and he demonstrated a bactericidal agent in the blood stream which a few years previously had been postulated by Lewis and Cunningham and later by Fodor in 1866. Lister also noted the changes which took place in the vascularization of blood clot and the living new elements he saw were later proved to be the phagocytes described afterwards by Metchnikoff. Lister was a great bacteriologist because he applied his laboratory findings to his clinical work, and there would seem no doubt that he was the only man of his generation to rank with Koch and Pasteur.
Pasteur, born in 1822, was one of the greatest microbe hunters of all time, enriching every department of bacteriology. His researches proved the germ theory of fermentation, and also saved the silkworm industry of France. He set himself the task of proving where microbes came from. They could not arise from dead material, they must have parents. He proved that microbes do cause disease not only in the lower animals but-in man. He concentrated on the problem of the prevention of infectious diseases by inoculation and on the processes involved in the recovery from disease which led to the creation of the science of immunology. His experiments on chicken cholera, anthrax, hydrophobia, and many other diseases are epochs in this bacteriological story. As Paul de Kruif (1927) says "Pasteur was a human, passionately imperfect microbe hunter and saver of lives" and how true is this description of the man.
Lister and Pasteur were essentially early exponents of preventive medicine-Lister seeking to attack the germs that caused the suppuration of wounds and Pasteur trying to immunize the host against the risk of infection by bacteria in a virulent form by the use of artificially attenuated cultures.
The third great microbe hunter was Koch, born in 1843. His discoveries almost staggered the world. He set out to prove the germ theory of disease and he and his disciples concentrated on the study of pathogenic bacteria, and most authorities would date the commencement of modern bacteriology from Koch's work between 1880 and 1890. In 1876 he published his researches on anthrax which he proved was an infectious disease caused by a specific micro-organism and that the disease could be reproduced at will by injection into susceptible animals. In the course of his researches he discovered and described "spore" formation in the anthrax bacillus. His discovery of the tubercle bacillus and the vibrio of cholera and a host of other diseases was epoch making. He proved that one specific type of germ caused a specific type of disease. His failure to cure tuberculosis by tuberculin must not, I think, in the light of modern knowledge be held against him. He was a great and accurate technician; he first described the "hanging-drop" preparation; the first to obtain pure cultures on solid medium; the first to stain microbes with dyes. Most authorities would describe Koch as the greatest pure bacteriologist of all time and few would deny him the title of "founder of modern bacteriology". Though space and time prevent the inclusion of all the great-investigators in the bacteriological world yet mention must be made of Roux, von Behring, and Loeffler. Loeffler was born in 1852 and worked in Koch's laboratory and to him must be given the honour of discovering the causal organism of diphtheria. He first suggested the possibility of exotoxin production by the organism though the actual proof of his contention was due to Roux, working in Koch's laboratory. Loeffler recognized the filter-passing character of the virus of foot and mouth disease though after years of work he was unable to isolate it. Roux was born in 1853 and after Pasteur was probably the greatest French bacteriologist. He proved the exotoxin production from the diphtheria bacillus and in conjunction with Metchnikoff was the first man to transmit syphilis to monkeys. Von Behring, born in 1854, was the discoverer of antitoxin and the principles of serotherapy. By the work of these three men thousands of lives were saved from a disease which previously had taken an almost 100% toll of lives. This list of pioneer microbe hunters would be more incomplete than it should be if it did not include the name of Metchnikoff, that excitable, and possibly half-mad Russian genius. Born in 1845 he was the founder of the phagocytic theory of immunity. Pasteur took him under his wing and gave him every facility for proving his contention that his phagocytes ate up the invading microbes. With Roux he transmitted syphilis to monkeys and proved that for a short period syphilis was a "local" disease and that its dissemination into the blood stream could be prevented by the use of calomel ointment.
In 1893 the brilliant researches of Theobald Smith, the first and greatest of American bacteriologists, proved that ticks carried the virus of Texas fever in cattle, a new and fantastic way by which a disease could be carried-by an insect. Destroy the ticks by dipping all cattle and Texas fever would disappear, and so it was. This was another step forward in the elucidation of the cause of disease.
An old doctor, termed cranky by his colleagues, shouted out that yellow fever was carried by a mosquito and the dangerous experiments of Walter Reed and his team proved once and for all that this was a true surmise. The heroism of this band of investigators was almost unbelievable and the risks they ran in the cause of humanity were quite terrifying. Once again complete success was the fruit of their sacrifices. It is the same story with the malaria-bearing mosquito which Ross discovered as Patrick Manson had told him. It is a history of painstaking endeavour finally crowned by complete success.
The last of these microbe hunters of the past whom I shall mention is Ehrlich, the originator of the side-chain theory of immunity. Born in 1854 he worked at one time in Koch's laboratory. His experiments with dyes were finally consummated by the discovery of 606, and he can rightly be named the first chemotherapist. So this very brief but intensely fascinating history of bacteriology has been unfolded. First the discovery of a world of living microscopic beings; then the proof of their connexion with disease in the lower animals and man; then the story of the resistance to infection and the treatment of infectious diseases by vaccination, drugs, and chemotherapy and now the knowledge of and treatment by antibiotics. A wonderful ladder of which the last rung has not yet been reached.
Where and when in this wonderful history does the bacteriology of dental disease find a place? Dental decay was noted from the very earliest times and probably the first mention of the disease, as Mrs. Lindsay pointed out in a paper in the British Dental Journal in November 1929, was a translation of the Babylonian Tablet 55547 in the British Museum. In the Vedic hymn No. 23 appear these lines "we will destroy the worms that creep ariound the eyes, the worms that crawl about the nose, and get between the teeth". There is no doubt that the so-called worms were thought in the very early days to be the cause of toothache and many authorities describe worms coming out of the teeth.
Dr. Cumston has stated that the earliest phase of medicine was a theological one and diseases caused by the wrath of the gods could only be cured by prayers. Familiar with putrefaction and the manner in which myriads of crawling worms devoured the dead tissue, they naturally concluded that teeth which were decayed and fell to pieces had been attacked by worms. Treatment of toothache was by fumigations made from the seeds of hyoscyamus followed by rinsing the mouth with hot water whereby the worms were expelled. That worms were not the cause of tooth decay was proved by Fauchard in 1728 and he is credited with having given the coup de grdce to the worm theory, though one suspects that he himself was not quite convinced that there may not have been some cases in which worms were the agents of disease, though not the sole cause.
Dr. Strickland reported a case of dental myiasis in 1928 in a coolie woman in which numerous maggots were found in a carious molar, all the other teeth being sound. He could give no explanation as to the manner in which the parasite had established itself in the mouth. Capt. Grennan also described a case in 1946 in which maggots appeared in gum lesions in a West African native. Larva of the maggots were allowed to complete their development and turned out to be Chrysomyia bezziana. There thus may well have been an occasional case to keep alive the worm theory as a cause of disease, including dental disease, which was believed by many people living in the dim and forgotten past.
It can safely be said that the work of Pasteur stimulated research not only in general but dental bacteriology. Amongst the first dentists to interest themselves in the bacteriology of the oral cavity was Miller born in 1853. Working in Koch's laboratory he isolated many different types of mouth organisms and discovered the fact that bacteria in the dentinal tubes of carious dentine when cultured in the presence of sugar or starch produced lactic acid which dissolved the calcium of the tooth.
Miller's contributions from 1882-1884 were published in his book "Micro-organisms of the Human Mouth". He is generally credited as being the author of the chemico-parasitic theory of caries though I think the honour should really be given to Arthur Underwood and Milles who in 1881 described a "septic" theory of caries in which the acids which destroyed the enamel of the tooth were the result of bacterial activity. Underwood thus preceded Miller by about three years. He also drew attention to the fact that decalcification was not necessarily caries.
If we go back nearly a hundred years before Miller to 1760 we meet a most remarkable man, John Greenwood, the Father of American dentistry. He attributed decay of the teeth to external agencies, either to acid formation, a chemical concept, or to bacteria. G. V. Black was also a student of bacteriology in America and took a most active interest in the germ theory of disease. He stated quite definitely that the acids formed in the carious process were the products of fermentation of food debris by bacteria.
In 1878 Leber and Rottenstein published a book on the nature of dental caries which makes fascinating reading for the student of bacteriology. Their description of the Leptothrix buccalis is of great interest though the authors could not agree as to the exact role played by the organism in relation to caries. Quoting Hallier the authors state that the leptothrix was only a form of development of the fungus Penicillium glaucum, a most interesting observation when one considers the date of the communication.
In 1903 Goadby published "The Mycology of the Mouth", the first textbook written by an English dental surgeon primarily for dental students, and describing the bacteriology of the dental diseases as known at that time. Goadby was amongst the first to describe the Lactobacillus acidophilus though he labelled it the Bacillus necrodentalis. He was the first man in this country to offer a classification of the bacteria concerned in dental caries. His division of the organisms isolated into acid and proteolytic groups was a great advance. His book "The Diseases of the Gums and Oral Mucous Membrane" (1922) was one of the earliest contributions on the bacteriology of these dental tissues.
The discovery of penicillin by Sir Alexander Fleming and its development by Florey and his coworkers brought the study of the antibiotics into the forefront of bacteriological research and opened up a vista of success in the fight against disease of which even Pasteur could not have dreamed.
It would seem obvious that in the elucidation of dental disease a fuller knowledge of the bacteriology of the oral cavity is essential. Whether this object can best be obtained by training men with a dental qualification and a special knowledge of the dental tissues in bacteriology later or whether it would be a better investment to train fully qualified medical bacteriologists in the special requirements of the dental surgeon is a debatable point. Personally I think that the best result would be obtained by the first method. A knowledge of the basic sciences which give that foundation on which-pathology is based is essential. A study of the dental diseases would bring many blessings to mankind.
Like the microbe hunters of long ago I am confident that there will arise a younger more inquisitive generation than mine who will bring to this study of the dental diseases the same skill and enthusiasm as was shown by Pasteur and Koch. "They say my verse is sad; no wonder Its narrow measure spans Tears of eternity and sorrow Not mine but man's This is for all ill-treated fellows Unborn and unbegot For them to read when they're in trouble And I am not."-Laurence Housman.
